The currently available methods of assessing ocular toxicity are discussed. Manifestations of ocular toxicity are best described clinically; histopathological examination of the eye is beset with problems of preparing the eye for morphological examination. Electron microscopy is essential to look for chemically induced side effects at the cellular level. Mechanisms of ocular toxicity are poorly understood, and the limitation of animal studies in predicting side effects in man must be appreciated.
The concept of chemical damage to the eye, with effects on vision, is one of the sensitive areas of current toxicology. Because of the problems of adverse reactions it is now required that new chemicals are tested for safety before their general release. Animal studies are essentially comparative, in that spontaneous and induced pathological manifestations are compared in control and treated animals, respectively. The purpose is to identify variations from normal and to define underlying disturbances of physiological mechanisms. The conventional procedure for toxicity studies is to have a control group and three groups of animals given different dose levels of a compound, in order to identify target organ systems and to define no observable effect levels. The regulatory authorities stipulate that these studies must be carried out in a rodent and a nonrodent species. The purpose of this paper is to outline the methods for assessing ocular damage in the commonly used laboratory species, following systemic administration of chemicals, with particular reference to underlying mechanisms of toxicity, and to draw attention to the limitations both in the use of, and understanding of, these approaches to safety evaluation.
The overwhelming number of reports on ocular toxicity (1) (2) (3) (4) (5) gives the impression that the eye is a potential target organ of every chemical ever discovered. The interpretation of these reports must be kept in perspective.
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Examination of the Eye Ocular toxicity can be monitored by using a variety of techniques: those applicable to animals are listed in Table 1 . Because toxicological studies concern groups of animals, the techniques adopted must be simple and applicable to the unanaesthetized animal. Examination of the eye may be by direct or indirect ophthalmoscopy, although indirect ophthalmoscopy is preferred. Slit-lamp biomicroscopy is not recommended in the routine ophthalmoscopic examination. Tear flow can be measured by using commercially available Schirmer tear-test papers. Intra-ocular pressure can be measured either by using the Schiotz' tonometer or preferably, an applanation tonometer.
Functional examination is limited to the testing of the simple reflexes-the fixating reflex, the Considerable problems are encountered in preparing eyes for morphological examination. Immediately after the animal has been killed, the eyes should be dissected from the orbits by using the technique described by Saunders and Jubb (7) and placed in a fixative. It is essential to use a fixative which will rapidly penetrate the sclera. Zenkers-acetic 
Manifestations of Ocular Toxicity in Laboratory Animals
The Adnexa
Compounds acting on the adnexa of the eye involve the eyelids or affect lachrymal secretion.
Ptosis of the eyelids, although a common sign in acutely intoxicated rats, is rarely observed following chronic administration of compounds. Edema of the eyelids is occasionally seen, often associated with nonsteroidal anti-inflammatory agent administration. Paracetamol intoxication in the dog induced palpebral edema at the dosage level cf450 mg/kg/day with an associated reduction in the secretory activity of the meibomian glands. The dog has a third eyelid, which is extensive and can cover the whole anterior aspect of the eye; compounds affecting the autonomic system can cause relaxation of this third eyelid.
Conjunctival alterations are most frequently caused by changes in the lachrymal secretion and usually involve the cornea.
Environmental Health Perspectives
The secretion of red tears in the rat, chromodacryorrhea, is mainly associated with stress factors, or an overgrowth ofthe incisor teeth. Harkness and Ridgway (8) have shown that injections of acetylcholine increased almost instantaneously the flow of a dull red secretion, the red color being caused by porphyrins.
Keratoconjunctivitis sicca has been induced in dogs by phenazopyridine hydrochloride (9) and some sulfonamides (10) ; the hypotensive agent, clonidine, has recently been found to induce keratoconjunctivitis sicca in the rat (11) . All anticholinergic compounds given in high dose levels induce keratoconjunctivitis sicca, particularly in the dog. Secretion of lachrymal fluid is not exclusively parasympathetic in origin: stimulation of the sympathetic system also plays a part, and this accounts for the occasional cases of dry eye, seen in dogs given high doses of beta-adrenergic receptor blocking agents.
These conditions of the adnexa are best diagnosed by clinical examination, and, where appropriate, supported by evidence of reduced tear secretion.
Cornea
For a systemically administered compound to affect the cornea it must be secreted in the tears or pass the blood-aqueous barrier. Epithelial erosions are the simplest form for the damage to take, but with continued insult the superficial lesions rapidly can progress to keratitis of varying severity. Some compounds can reach concentrations within the aqueous humor sufficient to damage the corneal endothelium. If damage does occur, the stromal swelling becomes apparent in the whole cornea and the eye appears white and bulges from the orbit. Corneal opacities can be induced in laboratory animals by a variety of compounds, in the rat invariably by morphine (12) or the narcotic analgesics (13) . Lipoidal opacities induced by a nitroaniline have been described in the dog (14 (Fig. 1) (Fig. 2) . The most common form of chemically induced cataract is that which starts at the posterior pole of the lens. In the dog, these cataracts appear roughly triangular at the posterior pole, involving only subcapsular fibers (Fig. 3) . In the rat, chemically induced cataracts show a variety of morphological patterns, but often they first show as triangular opacities at the posterior pole. The most likely explanation of the greater involvement of the posterior cortex of the lens in toxic cataracts is because posteriorly the capsule is thinner and epithelial cells are absent, allowing the toxic agent to penetrate into the superficial fibers more readily. At the posterior pole the lens is at its greatest stress with respect to nutrients and oxygen. The only other manifestation of lenticular toxicity that has been shown is that of a changes in refraction. Changes in the transparency as well as the refraction of the lens nucleus have been recorded following the administration of DMSO (15) and with p-chlorophenylalanine (16 Exudates are caused by the escape of plasma and/or white blood cells from defective blood vessels. Exudates between the pigment epithelium layer and the rod and cone layer can cause partial detachment of the retina (Fig. 4) . The quinines, such as imidazoquinazoline and quinine sulfate, can induce this type of change in the dog (18) . Occasionally, the compound or a metabolite of the compound can be found to leak from retinal vessels. The drug-induced retinopathies have been reviewed by Meier-Ruge (19) , with the main discussion directed towards the antimalarial chloroquine, and the psychotropic phenothiazine derivatives. Of the three categories of phenothiazines, only the piperidines induce retinal lesions. Of these compounds, thioridazine has been most extensively studied. Retinal lesions can be readily induced with these compounds in the cat and dog; on examination, the retina of the tapetum has a coarse spotted appearance (Fig. 5) . The lesions first occur in the primary visual cells, with secondary changes in the pigment epithelium. 
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Meier-Ruge (20) has shown by histochemical techniques that there is a massive loss of enzyme activity in the ellipsoids of the rods. He is also of the opinion that the absorbent binding to melanin is of importance. Experimental chloroquine retinopathy has caused considerable controversy over the mechanisms of the toxicity. It is certain that chloroquine binds to the pigmented tissues of the eye (19, (21) (22) (23) , but it is doubtful whether the pigment binding is of relevance to the primary retinopathy. From work carried out in the albino rat and pigmented strains, rabbits, beagle dogs, cats and the rhesus monkey, 40 the initial reaction of the retina is the formation of membranous cytoplasmic bodies (myelinoid bodies), and these myelinoid bodies can be induced within one week of starting treatment (Fig. 6) . Rosenthal et al. (23) clearly demonstrated that degenerative changes in the eye of the monkey occur in the nucleus and cell body of both the rods and cones and that the pigment epithelial damage was a later manifestation of chloroquine toxicity. In this experiment in the rhesus monkey, very extensive damage occurred in the retina, although there was no clinical or functional evidence of change.
The binding capacity of the pigment tissues of the FIGURE 6. There are few reports of drug-induced retinal toxicity in the rat. Cyproximide, a psychotropic agent (24), a propionic acid derivative (25) 
The administration of amphophilic compounds to the rat results in the formation of myelinoid bodies in many cell types. These myelinoid bodies are uni-or multicentric. They are particles limited by a single membrane and containing osmiophilic membranes in concentric arrangement.
The formation of myelinoid bodies is a manifestation of chemically induced lysosomal storage disease. Generalized phospholipidosis has been induced by a variety of chemical agents which include antihistamines, hypolipidemics, anti-inflammatories, antidepressants, anorectics and coronary vasodilators (27, 28) . In chemical safety evaluation studies it has been the drug-induced pulmonary lipidosis with the accumulation of foamy macrophages which has promoted interest. Drenckhahn and Lullmann-Rauch (29) (Fig. 7 ): in animals with bleached tapeta the parallel arrangement of the rods is disrupted, the rods are surrounded by vacuoles which are not uniformly dense, appearing swollen with indistinct outlines (Fig. 8) (33) and the rat (34) .
Edema of the disc is reported in monkeys with methyl alcohol poisoning (35) and trimethyltin acetate (36) . Salicylanilide (37) causes vacuolation of the cerebral white matter in the dog and edema of the disc (Fig. 9) , and hexachlorophene (38) induces peripapillary exudations in the dog.
Changes in the optic nerve are readily diagnosed by the standard clinical and histopathological methods, although impairment of the pupillary light reflex is frequently the first evidence of damage.
Discussion
The validity of safety evaluations is based on the assumption that extrapolation from animal to man is possible. It is appropriate to ask how predictive are the common laboratory animal species with respect to ocular toxicity.
In a recent survey, in which the toxicological profile of 50 compounds were compared in rodent and nonrodent species, Keywood (39) 
